I. INTRODUCTION
It is often argued that crop production has an important role in economic development and poverty reduction. Crop production can contribute to economic growth through different channels, such as the provision of food and employment generation (e.g., see Johnston and Mellor 1961; Ranis and others 1990; Irz and others 2001; Timmer 2002) . Agricultural growth can result in a remarkable reduction in poverty (Thorbecke and Jung 1996) . Together with the trade liberalization trend, it can bring important sources of income from exportation. 1 However, when integrated into the global economy, the crop sector of a country can be adversely affected by global economic shocks. A channel for shock transmission is the price of output and inputs (Winters and others 2004; Easterly and Kraay 2000) . A sudden decrease in the price of crop outputs can quickly push the poor households who produce crops into losses and poverty. Coffee growing in Viet Nam is an example. In the late 1990s, the price of coffee was very high in the world market, and many households in Tay Nguyen Province grew coffee. However, afterwards the price of coffee suddenly dropped, and this affected many households as 80 per cent of the poor households grew coffee in Tay Nguyen (World Bank 2004) . The farmers often bought production inputs with delayed payments, and as the coffee price fell, they became indebted, and had to sell their land to pay the debts. Another example is the harmful impact of the reduction in the price of corn in Mexico. Poor farmers could not respond to decreases in the price of corn and they suffered from losses in incomes from corn production (Levy and Wijnbergen 1992; Nadal 2000) . As a result, the effect of a decrease in crop prices on poverty reduction is not assumed to be always positive.
In addition, the industry and service sectors tend to grow more quickly than the agricultural sector in the long run. The shrinking of agriculture relative to industry and services has been observed in both developed and developing countries. Non-farm employment and business have proved to be an effective way to increase household income and reduce poverty (e.g., Lanjouw and Lanjouw 1995; Lanjouw 1998; Van de Walle 1994; Ruerd and van den Berg 2001) .
Viet Nam has been an agricultural country, with about 60 per cent of the population involved in crop production in 2006. It is also a leading country in exporting rice, coffee and tea. The export value of agricultural products increased from 24,500 billion VND to 100,200 billion VND during the period 1995-2006. 2 However, the share of crop products in total export revenues dropped from 32 to 14 per cent during this period. It is not clear whether cash crops still make an important contribution to household consumption and poverty reduction. The main objective of this paper is to measure the impacts of household sales of different crops on per capita expenditure and poverty reduction. Information from the study can be helpful for policymakers in designing programmes and policies related to crop production. Data used in this paper are from the Viet Nam household living standards surveys (VHLSSs) of 2002 and 2004. There are six sections of this paper. The second section describes data sources used for this paper, and the third section gives a brief overview of cash crop production and household welfare in Viet Nam. Next, the fourth section presents a methodology of the impact evaluation of crop sales. The fifth section presents empirical findings on impact estimation. Finally, the sixth section provides a conclusion.
II. DATA SET
This study relies on data from the two recent VHLSSs, which were conducted in 2002 and 2004 by the General Statistics Office of Viet Nam with technical support from the World Bank. The VHLSSs covered 30,000 and 9,000 households, respectively.
The samples are representative of the national and regional, rural and urban, levels. It should be noted that the General Statistics Office increased the sample size of the 2002 VHLSS to 30,000 households so that the data could be representative of some large provinces. However, this large sample survey was very expensive, and the sample size of VHLSS 2004 was reduced to 9,000 households. The 2002 and 2004 VHLSSs set up a panel of 4,000 households, which were representative of the whole country, for both the urban and rural populations.
The surveys collected information through household and community level questionnaires. Information on households included basic demography, employment and labour force participation, education, health, income, expenditure, housing, fixed assets and durable goods, and the participation of households in poverty alleviation programmes.
In VHLSSs, expenditure and income per capita are collected using very detailed questionnaires. Expenditure includes food and non-food expenses. Food expenditure includes purchased food and foodstuffs, and self-produced products of households. Non-food expenditure comprises spending on education, health care, houses and commodities, and on power, water and garbage removal. Regarding income, household income can come from any source, and includes income from agricultural and non-agricultural production, salaries, wages, pensions, scholarships, income from loan interest and house rentals, remittances and social transfers. Income from agricultural production comprises crop income, livestock income, aquaculture income, and income from other agriculture-related activities. 
III. CASH CROP PRODUCTION AND HOUSEHOLD WELFARE IN VIET NAM
In this paper, cash crops are defined as crops that households grow for sale. They consist of rice, industrial perennial crops (rubber, coffee, tea, peanuts, cashew nuts and peppers), fruits and annual crops. Annual crops include sugar cane, vegetables, potatoes, maize and others. The value of cash crops increased at an annual growth rate of 6 per cent during the period 1995-2006. However, there is evidence that the agricultural sector is shrinking. Figure 1 In addition, the share of agricultural products of total export revenues was reduced more quickly. Although the share of agriculture of GDP tends to decrease over time, the proportion of households involved in agriculture remains rather high in rural Viet Nam. All the household groups had experienced poverty reduction during the period 2002-2004. Households with rice sales had the lowest poverty incidence compared with households with other crops (annual and industrial crops). Meanwhile, households with industrial crops had the highest poverty incidence. 
IV. METHODS OF IMPACT MEASUREMENT Impact on household consumption expenditure
This section presents the method for measuring the impacts of crop sales on household consumption expenditure and poverty. In this paper, expenditure is assumed to be a linear and a semi-log linear function of household characteristics:
3 Income is defined as revenues minus costs. 4 We do not use the double-log function, i.e., ln
for households without crops, we get missing values of ln (D i ).
where Y i is the per capita expenditure of household I, X i are household characteristics, and D i is a vector of revenues of crops, including rice, annual crops, industrial crops and fruit crops from crop-growing households. It should be noted that crop revenues are money that households obtain from crop sales. 3 The impact of D is estimated using both functions to examine the sensitivity of impact estimates to different functions of outcome.
Since D is a continuous variable, one is often interested in the marginal effect (ME), which is the derivative of Y with respect to D. For equations (1) and (2), respectively, ME is equal to:
Since ME in the semi-log function of outcome varies across the outcome value, one can use the average partial effect to measure the impact of D (Wooldridge 2001) . In this paper, we define the average partial effect on the treated (APET), which measures how the average impact on crop-selling households changes due to a small change in crop revenues.
In the case of equation (1), APET is equal to ME, and it is estimated by γ In the case of equation (2), APET is expressed as follows:
Thus the estimator is given by:
where n p is the number of crop-selling households. The standard error of the estimates is calculated using a bootstrap technique.
The difficulty in estimating the effect of crop sales is the endogeneity of the crop sales. Unobserved variables, such as working conditions, production and business skills, and information, can be correlated with the crop sales. This paper uses instrumental-variables regressions and fixed-effect regressions to correct for the endogeneity of crop sales in the expenditure equation.
Impact on poverty
In this paper, poverty is measured by three Foster-Greer-Thorbecke poverty indexes, which can all be calculated using the following formula (Foster, Greer and Thorbecke 1984): where Y i is a welfare indicator (consumption expenditure per capita in this paper) for person i, z is the poverty line, n is the number of people in the sample population, q is the number of poor people, and α can be interpreted as a measure of inequality aversion.
When α = 0, we have the headcount index H, which measures the proportion of people below the poverty line. When α = 1 and α = 2, we have the poverty gap PG, which measures the depth of poverty, and the squared poverty gap P 2, which measures the severity of poverty, respectively.
The impact of crop sales on the index of poverty of the recipients is expressed as follows:
where the first term on the left-hand side of (8) is the poverty measurement of the crop-selling households in the presence of crop revenues. This term is observed and can be estimated directly from the sample data. However, the second term on the right-hand side of (8) is the counterfactual measurement of poverty, i.e., the poverty indexes of crop-selling households if they had not sold the crops. This term is not observed directly, and it is estimated for household i using the following predicted expenditure:
Where γ is estimated from equation (1). In the case of equation (2), expenditure without crop revenues for crop-selling households is predicted as follows:
We can also measure the impact of crop sales on the total rural poverty as follows:
where P(Y) is the observed poverty index of all the rural population (in which crop-selling households had crop sales), and P(Y (D = 0) ) is the poverty index of all the rural population if crop-selling households had not received any money from crop sales.
V. EMPIRICAL RESULTS ON IMPACT MEASUREMENTS
In order to measure the impact of cash crops, the models of per capita expenditure are estimated using VHLSSs 2002 and 2004. The explanatory variables include household composition, the age of household head, the education of household head and household head's spouse, land and housing characteristics, regional dummy variables and commune characteristics. The list of explanatory variables is presented in table A.1 in the appendix. The regression results reported in table A.2 in the appendix show that the estimates are stable across the models. The estimates of all the crop revenues are statistically significant in all the models. The R-squared is higher in the semi-log equations than in the linear function. The estimates of the coefficients of crop sales are also more statistically significant in the semi-log equations.
Using the instrumental variable regression, we can test the endogeneity of crop sales. Results from Durbin-Wu-Hausman tests show that the hypothesis on the exogeneity of crop sales is not rejected (table A.2 in the appendix). A problem in the instrumental variable regression is that the assumption on the exclusion of the instruments in the outcome equations might not be valid, since the sales in 2002 (the instruments) can affect household expenditure in 2004. Regarding the random-effect and fixed-effect models, the Hausman statistic that tests the null hypothesis of no systematic difference in coefficient estimates between two models is equal to 67.2 (result not reported in the paper). Thus, the null hypothesis is strongly rejected, and we incline to the fixed-effect model. In the following tables, only estimation results from models 1 and 5 (i.e., fixed-effect regressions) are reported. The estimation results from other models are quite similar and are not reported in this paper. Since cash crops have increased household expenditure, they can reduce the poverty of crop-selling households. In this paper, a household is classified as poor if their per capita expenditure is below the expenditure poverty line.
6 Tables 2 through 5 present the impact estimates on poverty of sales from rice, annual crops, perennial crops and fruits.
In table 2, estimates from model 1 are not statistically significant, while estimates from model 5 are statistically significant at the 5 per cent level. According to model 5, rice sales reduce the poverty incidence of the rice-growing households by about 1.4 percentage points. They also decrease the poverty gap and severity indexes by about 4.5 per cent. The effects on total poverty are smaller. Rice sales help to reduce the poverty incidence of all rural households by about 0.6 percentage points, and decrease the rural poverty gap and severity indexes by about 2 per cent. Tables 3 and 4 present the impact estimates on poverty indexes of annual and perennial crop sales. All the estimates are statistically significant. Sales from annual and perennial crops reduce the poverty incidence of crop-growing households by 2.6 per cent (table 3) and 5.2 (table 4) percentage points (model 5). They also decrease the poverty gap and severity indexes of the crop-growing households and rural households. The effect of perennial crops is higher than that of annual crops. They reduce the poverty gap and severity indexes of the perennial-crop-growing households by approximately 12 per cent and 4 per cent (table 4), respectively. Finally, table 5 reports impact estimates of fruit sales. Fruit sales decrease the poverty rate of growing households by about 1.1 percentage points (model 5). The estimated effect on the poverty rate of rural households is quite small, at 0.4 percentage points. Regarding poverty gap and severity, most of the estimates are not statistically significant. This might be because the poverty gap and indexes of the fruit-growing households are smaller than those of households with other crops. It should be noted that the impact of cash crop revenues on expenditure and poverty is measured by comparing expenditure and poverty in the presence of crop revenues and counterfactual expenditure and poverty in the absence of crop revenues. Expenditure and poverty are not compared between crop households and non-crop households. Although households with crops tend to have lower expenditure and higher poverty than households without crops, crop revenues still play an important role in increasing expenditure and reducing poverty for the crop-growing households. This is because crop revenues are still a main revenue source for crop-growing households.
VI. CONCLUSION
Viet Nam is a developing country with a large proportion of the population involved in agricultural activities. Although crop production is often named as an important activity for economic growth and poverty reduction, there are only a few studies measuring the quantitative impacts of crop production on poverty reduction. This paper is the first study that uses nationally representative household surveys in order to measure the impacts of cash crop sales on household consumption expenditure and poverty in Viet Nam.
It has been found that revenues from cash crops have positive and statistically significant impacts on the per capita expenditure of crop-selling households. More specifically, an increase of 1 VND in rice revenues leads to an increase of 0.019 VND in per capita expenditure, and the corresponding figures for sales of annual crops, perennial crops, and fruits are 0.038, 0.040 and 0.036, respectively. As a result, the crop sales help reduce poverty of the crop-growing households and rural population. Among the crops, perennial crops have largest effect on poverty reduction in terms of point estimates. They decrease the poverty incidence of the crop-growing households by approximately 5.2 percentage points. They reduce the poverty gap and severity indexes of the perennial-crop-growing households by about 12 per cent. The fruit crop sales have small point estimates of impacts on poverty. They decrease the poverty rate of the growing households and all rural household by about 1.1 and 0.4 percentage points, respectively.
The findings might suggest several policy implications for crop production in Viet Nam. First, non-farm production can be an important activity for increasing income, expenditure and reducing poverty. Descriptive data analysis shows that households with crops tend to have lower expenditure and higher poverty than households without crops. Second, cash crops still have an important role in poverty reduction, and the Government should have measures and policies to increase the crop revenues of farm households. The findings also show that perennial crops have a greater effect on poverty reduction than other crops. Thus, the promotion of perennial crops can result in a remarkable reduction in rural poverty. 
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